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(54) Jet injector 

(57) An injector in particular a jet injector for the in- 
tra-muscular, subcutaneous, or intra-dermal delivery of 
a fluid medicament to a patient includes a cylindrical 
member which has a closed end and an open end, and 
which is formed with a compartment between these two 
ends. An injection tube extends from the closed end 
through the cylindrical member and into the compart- 
ment. A suction pump is connected in fluid communica- 
tion with the compartment to create a partial vacuum in 
the compartment when the open end of the cylindrical 
member is held against the skin of the patient. Due to 
this vacuum, skin of the patient is drawn into the com- 
partment to position the tip of the injection tube against 
the skin. Also, skin that is adjacent the tip is drawn by 
the vacuum into the compartment. This stabilizes the 
skin around Lhe injection lube lip and thereby minimizes 
any movement of skin relative to the tip during an injec- 
tion of fluid medicament into the patient. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention pertains generally to in- 
jectors for subcutaneous delivery of a fluid medicament 
to a patient. More particularly, the present invention per- 
tains to so-called needleless injectors. The present in- 
vention is particularly, but not exclusively, useful as an 
injector which will stabilize the tip of an injection tube 
against the skin of the patient to maintain a reliable skin- 
to-syringe relationship during an injection of fluid medi- 
cament. 

BACKGROUND OF THE INVENTION 

[0002] For many years, so-called needleless injectors 
have been commercially available for use in delivering 
fluid medicaments to a patient. The interest in Lhis type 
of injector has been generated primarily for safety pur- 
poses because needleless injectors typically do not 
have the sharp projections which can accidentally or in- 
advertently cause unwanted cuts or punctures. More re- 
cently, the interest in needleless injectors has been 
heightened by the knowledge that many serious illness- 
es,, such as AIDS, can be transmitted by needle punc- 
tures. Although otherwise desirable, the design of a 
needleless injector requires the balancing of often com- 
peting concerns which, if not properly handled., can 
make the result ineffective. 

[0003] Because skin is elastic in nature, the interface 
that is established between the injection tube of a 
needleless injector/syringe and the skin of a patient dur- 
ing the injection of a fluid medicament is of extreme im- 
portance. Specifically, several interacting factors must 
be simultaneously considered. These factors include: 
seal pressure; holding force; skin stabilization; and tis- 
sue damage. 

[0004] Seal pressure is important because a reliable 
skin-to-syringe relationship needs to be established 
which will prevent a leaking of the fluid medicament dur- 
ing an injection. Somewhat related to this concern for 
seal pressure is the necessity that there also be suffi- 
cient force for holding the syringe againstthe skin during 
an injection. Specifically, holding forces are important in 
that they prevent the syringe from coming off the skin 
due to hand movement of the operator or due to any 
momentum that may be generated during operation of 
the injector/syringe. In addition to the concerns regard- 
ing relative movement between the patient and the 
needleless injector/syringe, there is also an important 
concern forskin stabilization during an injection. Specif- 
ically, due to the elastic nature of skin, it is very important 
during the delivery of a fluid medicament that the injec- 
tion tube not move off the hole that is created through 
the skin during the initial impulse. Finally, when collec- 
tively considering the above factors, it is a major design 
concern that tissue damage be absolutely minimized by 


eliminating sharp edges and projections on the injector/ 
syringe which can cause skin damage and pain. 
[0005] In order to address the syringe and skin inter- 
face concerns mentioned above, several important con- 

5 siderations for the structural design of an injector/sy- 
ringe must be taken into account. One way by which a 
seal pressure can be established for the syringe inter- 
face with the skin is by suction. If suction is to be used 
for this purpose, it is necessary to create a suction (par- 

10 tial vacuum) compartment around the injection tube. It 
happens that both the seal pressure and the holding 
force will benefit from a larger suction compartment and 
a greater partial vacuum in the compartment. On the 
other hand, too large of a suction compartment, and too 

15 much suction in the suction compartment, will cause ex- 
cessive skin distortion that can adversely affect skin sta- 
bilization. Further, too much suction (partial vacuum) 
force in the suction compartment can pull the skin too 
light and cause the lip of the injection lube to press too 

20 hard against the skin. This, in turn, can lead to tissue 
damage such as subdermal hematomas (caused by the 
rupturing of capillaries) or bleeding (caused by an ex- 
cessive puncturing of the skin beyond what is required 
for creating an injection hole in the skin). In summary, 

25 high sealing pressures and large holding forces can 
conflict with the desirable objectives of maximizing skin 
stabilization and minimizing tissue damage. Particularly, 
in the initial stages of an injection process when impact 
between the fluid medicament and the skin first occurs. 

30 [0006] In order to initiate an injection process with a 
needleless injector it is obviously necessary to first cre- 
ate a "hole" in the skin through which a fluid medicament 
can be injected. It happens, however, that the creation 
of an appropriate hole in the skin requires that the initial 

35 discharge of fluid medicament be under considerable 
pressure. As a practical matter, the pressure that is nec- 
essary to create such a hole is much higher than the 
pressure that is subsequently required to inject the fluid 
medicament through the hole. Additionally, it happens 

40 that some injections need to be intramuscular (e.g. 
some vaccinations), others need to be subcutaneous, 
(e.g. flu shots or insulin) while others are preferably in- 
tra-dermal (e.g. DNA vaccines and allergy testing). The 
point of all this is that, although seal pressure., holding 

45 force, skin stabilization and tissue damage are ever 
present concerns for needleless injectors, these factors 
are influenced by design consequences. 
[0007] As mentioned above, in the manufacture of a 
needleless injector/syringe it is desirable to avoid the 

so sharp edges and points which can cut, puncture, or oth- 
erwise compress tissue. On the other hand, it is also 
desirable that the tip of the injection tube through which 
the fluid medicament is delivered be small. One reason 
for this is that small tips are able to more effectively con- 

55 centrate forces and establish fluid seals that are suffi- 
cient to prevent leaks than are large tips. Th is, of course, 
needs to be accomplished without causing tissue com- 
pression. Further, due to their more efficient fluid seals, 
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small tips allow for the use of less fluid injection pres- 
sures and. thus, slower delivery times can be achieved. 
The result is a lower cost needleless injector/syringe 
that has thinner walls with less bulk and is. therefore, 
less cumbersome to use. In any event ; this can not be 
achieved without properly balancing ail of the other fac- 
tors mentioned above, namely: seal pressure, holding 
force, skin stabilization and tissue damage. 
[0008] In light of the above it is an object of the present 
invention to provide an injector for subcutaneous deliv- 
ery of a fluid medicament to a patient which is able to 
slowly inject fluid medicament while avoiding tissue 
compression or damage. Another object of the present 
invention is to provide an injector for subcutaneous de- 
livery of a fluid medicament to a patient which effectively 
stabilizes the skin against the injection tube of the injec- 
tor during the delivery of the fluid medicament. Still an- 
other object of the present invention is to provide an in- 
jector for subcutaneous delivery of a fluid medicamenl 
to a patient which generates a sufficient seal pressure 
and a sufficient holding force to prevent the injector from 
coming off the patient during the delivery of the fluid 
medicament, and to thereby prevent unwanted lacera- 
tions and leaking of fluid medicament. Another object of 
the present invention is to provide a jet injector which 
can be configured for use in either intra-muscular, sub- 
cutaneous or intra-dermal injections. Still another object 
of the present invention is to provide a jet injector that 
has effective pressure variations for accomplishing both 
the creation of a "hole," and the subsequent injection of 
a fluid medicament through the hole. Yet another object 
of the present invention is to provide an injector for sub- 
cutaneous delivery of a fluid medicament to a patient 
which is simple to use, relatively easy to manufacture 
and comparatively cost effective. 

SUMMARY OF THE PREFERRED EMBODIMENTS 

[0009] In accordance with the present invention, an 
injectorfor subcutaneous delivery of a fluid medicament 
to a patient includes a substantially cylindrical shaped 
member that has a closed end and an open end. The 
closed end is defined by a surface., and this surface ef- 
fectively functions as a base member for the injector. 
The sides of the cylindrical member are established by 
an outerwall which extends through a distance between 
the closed end and the open end. A compartment is thus 
established. Specifically, the compartment is bounded 
by the surface of the base member (i.e. the closed end 
of the cylindrical member), the outer wall which extends 
from the base member between the closed end and the 
open end, and the rim of the outerwall (i.e. the open 
end of the cylindrical member). 

[0010] inside the compartment of the injector an in- 
jection tube extends outwardly toward the open end of 
the cylindrical member from the surface that defines the 
closed end of the member. Further an inner wall also 
extends outwardly from the surface and into the com- 
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partment toward the open end. Thus, the compartment 
is separated into an outer compartment which is located 
between the outer wall and the inner wall., and an inner 
compartment that is located between the inner wall and 

5 the injection tube. Preferably, the outer wall the inner 
wall and the injection tube are concentric. For intra-der- 
mal (shallow) applications, the outer wall, inner wall and 
injection tube all extend through substantially the same 
distance from the surface at the closed end of the com- 

10 partment. For intra-muscular or subcutaneous (deeper) 
applications, however, it is preferable for the injection 
tube to extend beyond the outer wall, and for the outer 
wall to extend beyond the inner wall. 
[0011] The injector of the present invention also in- 

75 eludes a suction means which is connected in fluid com- 
munication with both the inner compartment and the out- 
er compartment. As intended for the present invention, 
when the open end of the cylindrical member (the rim of 
the wall) is held against the patient, the suction means 

20 is activated to draw skin into the compartments. By 
drawing skin into the compartments with this partial vac- 
uum, the tip of the injection tube is positioned against 
the skin of the patient to establish an interface seal 
therewith. While the skin is thus held, it is stabilized to 

25 minimize any movement of skin relative to the tip of the 
injection tube during an injection of fluid medicament to 
the patient. 

[0012] During an injection, the inner wall of the injec- 
tor effectively acts as a skin suction depth control fea- 

30 ture. For intra-muscular or subcutaneous injections, 
where the fluid is to be injected through the skin and 
respectively into muscle tissue or fat tissue, the inner 
wall is recessed from the outer wall and from the injec- 
tion tube. The result in either case is an increased ten- 

35 sion in the skin, and a consequent increase in the pen- 
etration depth of the injected fluid. Too much tension, 
however can have adverse effects such as "skin creep, 
" which results from the elastic nature of skin. The suc- 
tion depth control features of the inner wail helps keep 

40 this tension within acceptable limits. For intra-dermal in- 
jections, where skin creep is not a major concern, the 
coextensive configuration of the outer wall, inner wall 
and injection tube will cause a comparative reduction in 
the tension in the skin, with a consequent decrease in 

45 the penetration depth of the injected fluid. Further for 
shallower infusions (i.e. intra-dermal applications), it 
may be more effective if the suction remains on for ten 
to twenty seconds longer than would otherwise be used 
for intra-muscular applications. 

50 [0013] Another aspect of the injector of the present 
invention is directed toward a configuration that will es- 
tablish effective pressure variations during an injection. 
Specifically, for all applications it is desirable that the 
injector first create a "hole" in the skin, and that it then 

55 maintain a substantially steady infusion of medicament. 
As contemplated for the present invention, this can be 
accomplished by providing an air pocket in the distal 
portion of the injection tube. The effect of this air pocket 
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will be to produce an initial pressure spike as fluid med- 
icament is ejected from the injection tube. Due to this 
pressure spike, a "hole" is made through the skin. A nor- 
mal infusion at lower pressures can then follow. It hap- 
pens that, up to a point, the larger the air pocket in the 5 
distal portion of the injection tube, the deeper will be the 
penetration of the fluid medicament. Thus, intra-dermal 
(shallow) applications will most likely benefit from reduc- 
tions in the size of the air pocket. 
[001 4] For an alternate embodiment of the present in- . 
vention, the injector is configured to accept inserts that 
can be used to vary the skin suction depth control fea- 
tures mentioned above. These inserts can be config- 
ured in any of several ways. For example, they may 
have a plurality of inner walls to establish a respective 
plurality of annular suction compartments around the in- 
jection tube, or they can be configured with only the out- 
er wall and a plurality of ribs which extend radially be- 
tween the outer wall and the injection lube. 
[0015] The invention also provides a method for de- 
livering a medical medicament to a patient which in- 
cludes the steps of 

positioning an injector against the skin of the pa- 
tient, said injector including a hollow substantially 
cylindrical member having a closed end and an 
open end and formed with a compartment therebe- 
tween , an injection tube having a tip extending from 
said closed end, a suction means in fluid communi- 
cation with said compartment, and a drive means 
connected with said injection tube for injecting said 
fluid medicament therethrough; 
holding said open end of said cylindrical member 
against the patient; 

activating said suction means to create a partial 
vacuum in said compartment, said vacuum drawing 
the skin of the patient into the compartment to po- 
sition said tip of said injection tube against the skin 
and to stabilize skin against movement thereof rel- 
ative to said tip during injection of said fluid medi- 
cament through said tube; and 
activating said drive means to expel fluid medica- 
ment through said injection tube for subcutaneous 
delivery of said fluid medicament to the patient. 

[0016] Preferably said injector further comprises an 
abutment extending from said closed end into said com- 
partment between said cylindrical member and said in- 
jection tube to limit the drawing of skin into said com- 
partment. 

[0017] Preferably the method further comprises the 
step of creating an air pocket in said injection tube be- 
tween said tip of said injection tube and a fluid medica- 
ment being held in said injector, said air pocket being 
located immediately proximal said tip. 
[0018] For the operation of the injector of the present 
invention, once the suction means has stabilized skin in 
the compartments, a drive means which is connected to 


the injection tube is activated. Upon activation of the 
drive means, fluid medicament is expelled tnrough the 
injection tube to first create a hole in the skin, and to 
then inject the fluid medicament into the patient through 
the hole. As an example of an injection duty cycle, with 
the injector tip stabilized, the drive means may be acti- 
vated for approximately one to five seconds for an in- 
jection of approximately one millihtre of fluid medica- 
ment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The novel features of this invention, as well as 
the invention itself, both as to its structure and its oper- 
ation, will be best understood from the accompanying 
drawings, taken in conjunction with the accompanying 
description, in which similar reference characters refer 
to similar parts, and in which: 

Fig. 1 is a perspective view of a patient using a de- 
vice with a needleless injector of the present inven- 
tion; 

Fig. 2 is an elevation view of an assembled needle- 
loss injector according to the present invention with 
portions broken away for clarity; 
Fig. 3 is a cross sectional view of the needleless 
injector as seen along the line 3-3 in Fig. 2; 
Fig. 4 is a front end view of the needleless injector 
as seen along the line 4-4 in Fig. 2; 
Fig. 5 is a view of the needleless injector as seen 
in Fig. 3, with the injector filled with a fluid medica- 
ment; 

Fig. 6 is a time plot of pressure variations in the fluid 
medicament during an injection; 
Fig. 7A is a front end view of an alternate embodi- 
ment of the needleless injector that is suitable for 
use in intra-dermal applications; 
Fig. 7A' is a cross sectional view of the needleless 
injector as seen along the line A-A in Fig. 7A; 
Fig. 7B is a front end view of an alternate embodi- 
ment of the needleless injector that is suitable for 
use in intra-dermal applications; 
Fig. 7B' is a cross sectional view of the needleless 
injector as seen along the line B-B in Fig. 7B; 
Fig. 7C is a front end view of an alternate embodi- 
ment of the needleless injector that is suitable for 
use in intra-dermal applications; 
Fig. 7C is a cross sectional view of the needleless 
injector as seen along the line C-C in Fig. 7C; 
Fig. 8A is an elevation cross sectional view of an 
actuator that is suitable for use with an injector of 
the present invention, with the actuator in a config- 
uration prior to arming the actuator; 
Fig. 8B is a view of the actuator of Fig. 8A in a cock- 
ing configuration; 

Fig. 8C is a view of the actuator of Fig. 8A engaged 
with an injector of the present invention and with the 
trigger release mechanism being activated; 
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Fig. 8D is a view of the actuator of Fig. 8C config- 
ured for firing; 

Fig. 8E is a view of the actuator of Fig. 8C in a con- 
figuration after a firing sequence; and 
Fig. 9 is an exploded view of an alternate embodi- 
ment for an injector incorporating an insert. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0020] Referring initially to Fig. 1 , a system for deliv- 
ering a fluid medicament in accordance with the present 
invention is shown and is generally designated 10. For 
the purposes of the present invention, the system 10 is 
used to deliver a fluid medicament to a patient 12 by 
selectively injecting the fluid medicament either into a 
muscle (intra-muscular), subcutaneous, or into the skin 
(intra-dermal). For all modes of operation, the system 
10 essentially includes an injector 14 which is engage- 
able wilh a needleless syringe 16. When so engaged, 
the injector 1 4 is used to activate the needleless syringe 
1 6, and thereby expel the fluid medicament from the sy- 
ringe 1 6. To stabilize and hold the syringe 1 6 against the 
skin of the patient 1 2 during an injection, the system 1 0 
includes a suction pump 18 which is connected in fluid 
communication with the syringe 16 via a vacuum line 
20. More specifically the generation of a partial vacuum 
between the syringe 16 and. the skin of the patient 12 
accomplishes at least three functions. First, the partial 
vacuum forms the skin with a desired tension for the in- 
jection. It should be noted that the desired tension for 
an intra-muscular injection is different than the tension 
for an intra-dermal injection. Second, as stated above, 
the partial vacuum helps stabilize and hold the syringe 
1 6 against the patient 12. And third, the partial vacuum 
generates a fluid seal between the syringe 16 and the 
patient 12 that allows for the effective delivery or injec- 
tion of a fluid medicament 54. 

[0021] In detail, a preferred embodiment for the sy- 
ringe 1 6 of the present invention can be best appreciat- 
ed by cross referencing Figs. 2, 3 and 4. In Fig. 2 it will 
be seen that the syringe 1 6 includes a plunger 22. Spe- 
cifically : as shown in Fig. 2. the plunger 22 is positioned 
to be advanced into a fluid chamber 24 along a central 
axis 26. As shown, the central axis 26 is effectively the 
longitudinal axis of the cylindrical barrel 28 that defines 
the fluid chamber 24. 

[0022] AL the distal end of the barrel 28 and fluid 
chamber 24, the syringe 1 6 is formed with a base mem- 
ber 30 which has a surface 32 that faces in a distal di- 
rection from the fluid chamber 24. As shown in Figs. 3 
and 4, the base member 30 is formed with at least one 
aperture 34 that extends through the base member 30 
to the surface 32. Also, the base member 30 is formed 
with a cylindrical shaped skirt 36 that extends distally 
(outwardly) from the surface 32. More specifically, the 
skirt 36 has a circular shaped rim 38 which is centered 
on the central axis 26 ; and which helps to define a com- 
partment 40. For purposes of the present invention, the 


compartment 40 of the syringe 16 is generally defined 
as the space that is enclosed between the surface 32 of 
base member 30, the skirt 36 that extends from the sur- 
face 32. and the plane in which the rim 38 lies. Stated 
5 differently, the compartment 40 is bounded by a closed 
end (surface 32). the skirt 36, and an open end (defined 
by rim 38). 

[0023] Still referring to Fig. 3 it will be seen that an 
injection tube 42 extends distally from both the fluid 

10 chamber 24 and the surface 32 of base member 30 . Fur- 
ther, the injection tube 42 is formed with a tip 44 that is 
formed with a generally circular shaped port 46. Prefer- 
ably, the ratio of the diameter of the circular rim 38 to 
the diameter of the circular port 46 of injection tube 42 

is is approximately sixteen to one (16:1). Also, as shown 
in Fig. 3, the syringe 1 6 includes an abutment 48 which 
is generally cylindrical in shape and which extends dis- 
tally (outwardly) from the surface 32. As shown, the 
abutment 48 is located within the compartment 40 be- 

20 tween the skirt 36 and the injection tube 42. Preferably, 
both the abutment 48 and the skirt 36 are co-axially ori- 
ented relative to the central axis 26. For an embodiment 
of the present invention wherein it is desired to effect 
intra-dcrmal injections (i.e. into the skin), the tip 44 of 

25 the injection tube 42, the rim 38 of skirt 36 : and the abut- 
ment 48 will all extend from the surface 32 through sub- 
stantially the same distance. On the other hand, for an 
embodiment of the present invention wherein it is de- 
sired to effect intra-muscular injections, these compo- 

30 nents will extend distally through different distances. 
Specifically, the tip 44 will extend distally beyond the rim 
38 of skirt 36, and the rim 38 of skirt 36 will extend distally 
beyond the abutment 48. The consequence of this con- 
figuration (intra-muscular) is best appreciated with ref- 

35 erence to Fig. 5. 

[0024] When viewing Fig. 5, it is to be appreciated that 
the skin 50 of patient 1 2 is shown as if the syringe 1 6 is 
engaged with an activated suction pump 18. Specifical- 
ly, with such engagement the vacuum line 20 is placed 

40 jn fluid communication with the compartment 40 via the 
aperture 34. Consequently, a partial vacuum in a range 
of around six to twelve inches of mercury (6-12 inHg) 
can be created inside the compartment 40. Due to this 
partial vacuum, the skin 50 is partially drawn into the 

45 compartment 40. Specifically, as shown, the skin 50 is 
drawn into the compartment 40 until it comes into con- 
tact with the abutment 48. importantly, this places the 
skin 50 into a state of tension at the point where the tip 
44 of the injection tube 42 is positioned against the skin 
50 50. 

[0025] Fig. 5 also indicates that, prior to an injection, 
an air pocket 52 can be formed in the injection tube 42 
between the tip 44 of the injection tube 42 and the fluid 
medicament 54 in fluid chamber 24. For the present in- 
55 vention, this air pocket 52 can be formed in any manner 
well known in the art, and it can be of any desired vol- 
ume. The importance of the air pocket 52 is., perhaps, 
best appreciated by reference to Fig. 6. 
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[0026] In Fig. 6 it is to be appreciated that at a time, 
t 0 , when the system 10 is first activated to effect an in- 
jection, the fluid medicament 54 will be accelerated 
through the injection tube 42. Due to the presence of an 
air pocket 52, the initial acceleration of the fluid medica- 
ment 54 through the injection tube 42 will be relatively 
rapid. The result of this rapid acceleration is a pressure 
spike 56 in the fluid medicament in the time interval be- 
tween t 0 and ^ , (see Fig. 6) which effectively causes the 
initially expelled fluid medicament 54 to create a hole in 
the skin 50. The duration of the time interval between 1$ 
and t 1 will, in most cases, be about one millisecond (1 
ms). It happens that there will be a limit to the effective 
size of the air pocket 52. Beyond this limit, the magni- 
tude of the pressure spike 56 will plateau and, perhaps, 
even decrease. Once a hole has been created, and 
there is no longer an air pocket 52 in the injection tube 
42, infusion of any fluid medicament 54 that is remaining 
in the fluid chamber 24 will be accomplished at a re- 
duced infusion pressure 58. As shown in Fig. 6, the in- 
fusion pressure 58 will be substantially maintained 
through the time interval from t 1 to t 2 . Depending on the 
volume of fluid medicament 54 that is to be infused, the 
time interval from t 1 to t 2 will be generally in the range 
of one to five seconds and, in the case of an intra-dermal 
injection, can be as much as twenty seconds in duration. 
It will be appreciated by the skilled artisan, however, that 
the magnitudes of the pressure spike 56 and the infusion 
pressure 58, as well as the duration of the infusion are 
variables which can be controlled by the operator in 
ways wel! known in the pertinent art. 
[0027] As indicated above, the system 10 of the 
present invention is directed toward both intra-muscular 
and intra-dermal applications. As also indicated above, 
the relation between the rim 38 of skirt 36, the abutment 
48 and the tip 44 of the injection tube 42 is somewhat 
dependent on the application. For intra-dermal applica- 
tions, it is preferable that the rim 38 of skirt 36, the for- 
ward edge 60 of abutment 48 and the tip 44 of the in- 
jection tube 42 all lie substantially in the same plane. 
[0028] Figs. 7A, 7B and 7C respectively show various 
configurations for syringes that can be used for intra- 
dermal applications. Specifically, Fig. 7A shows an sy- 
ringe 62 wherein the rim 38 of skirt 36, the forward edge 
60 of abutment 48 and the tip 44 of the injection tube 42 
all lie substantially in the same plane. Figs. 7B and 70 
respectively show syringes 64 and 66 wherein this con- 
figuration is somewhat modified by replacing the abut- 
ment 48 with a plurality of extensions 68 (Fig. 7B), and 
by removing the abutment 48 entirely and, instead, pro- 
viding a blunter tip 44" (Fig. 7C). In all of these embod- 
iments, however, the rim 38 of skirt 36 and the tip 44 (tip 
44') lie in substantially the same plane. 
[0029] Activation of the system 1 0 is best appreciated 
by cross referencing Figs. 8A, 8B, 8C, 8D and 8E. First, 
in Fig. 8A, it will be seen that the injector 14 includes a 
drive bar 70 which is influenced by a drive spring 72. 
More specifically, the drive spring 72 is positioned be- 


tween a slide member 74 and a base member 76. With 
this combination of components, the injector 14 can be 
armed simply by moving the slide member 74 toward 
the base member 76 to compress the drive spring 72 

5 therebetween. In addition to compressing the drive 
spring 72, this action also engages the drive bar 70 with 
the release mechanism 78. In detail, as the drive bar 70 
is moved toward the release mechanism 78, the indents 
80 that are formed at the proximal end of the drive bar 

10 70 become engaged with the ball bearings 82 (see Fig. 
8B). Thus, the drive bar 70 is held in its firing (cocked) 
position. 

[0030] As shown in Fig. 8C. once the drive bar 70 has 
been cocked, the syringe 16 can be engaged with the 
*5 injector 14. This is done by engaging the grip 84 on the 
injector 14 with the ears 86 that are formed on the sy- 
ringe 16. This engagement also aligns the plunger 22 of 
syringe 16 with the drive oar 70 of the injector 14. For 
reference purposes, this alignment will be substantially 
along the central axis 26. 

[0031] In order to fire the injector 14, it is necessary 
to depress the firing cap 88 from a position as shown in 
Fig. 8C to the position shown in Fig. 8D. This does two 
things. First, by depressing the firing cap 88 the firing 
spring assembly 90, which is mounted inside the firing 
cap 88, is compressed. Second, depression of the firing 
cap 88 causes the ball bearings 82 to align with the re- 
cesses 92 that are formed into the firing cap 88. The 
result of all this is that the compressed firing spring as- 
sembly 90 urges against the drive bar 70 to move the 
drive bar 70 in a distal direction along the central axis 
26. This action, in turn, moves the ball bearings 82 into 
the recesses 92. At this point, the drive bar 70 is re- 
leased from the grip of the ball bearings 82 and the drive 
spring 72 is allowed to elongate. The drive spring 72 
then forces the drive bar 70 into contact with the plunger 
22. 

[0032] In accordance with the above disclosure, as 
the plunger 22 is advanced through the fluid chamber 
24 any air pocket 52 in the injection tube 42 will cause 
a pressure spike 56. Recall., this pressure spike 56 fa- 
cilitates the creation of a hole in the skin 50 of the patient 
1 2. Subsequently, the drive spring 72 will act on the drive 
bar 70 and plunger 22 to effect an infusion pressure 58. 
[0033] For an alternate embodiment of the system 1 0 
of the present invention, the syringe 1 6 is provided with 
an insert 94. Specifically, the insert 94 can be configured 
with any abutment 96 that is appropriate for the desired 
use of the system 1 0. As shown in Fig. 9, the abutment 
96 comprises a plurality of radially oriented ribs. Other 
forms of the abutment 96 may be used and, the abut- 
ment can be dimensioned to accommodate cither intra- 
muscular or intra-dermal applications. 
[0034] While the particular Jet Injector as herein 
shown and disclosed in detail is fully capable of obtain- 
ing the objects and providing the advantages herein be- 
fore stated, it is to be understood that it is merely illus- 
trative of the presently preferred embodiments of the in- 
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vention and that no limitations are intended to the details 
of construction or design herein shown other than as de- 
scribed in the appended claims. 

Claims 

1. An injector for delivering afluid medicament to a pa- 
tient which comprises: 

a base member having a surface: 
a skirt having a rim ; said skirt extending out- 
wardly from said surface to position said rim 
thereof at a distance from said surface, said 
skirt and said surface of said base member de- 
fining a compartment therebetween; 
an injection tube having a tip extending out- 
wardly from said surface and through said com- 
partment for injecting the fluid medicament into 
the patient; 

an abutment projecting from said surface of 
said base member and into said compartment 
between said outer wall and said injection tube; 
and 

a suction means in fluid communication with 
said compartment through said surface of said 
base member for creating a partial vacuum in 
said compartment when said rim of said skirt is 
held against the patient, said suction means 
drawing skin into contact with said abutment to 
urge said tip of said injection tube against the 
skin of the patient to establish an interface seal 
therebetween, and to stabilize skin adjacent 
said tip, against said tip, to minimize movement 
of skin relative to said tip during an injection of 
said fluid medicament. 


An injector as recited in claim 1 further comprising 
a drive means connected to said injection tube for 
expelling said fluid medicament through said injec- 
tion tube during an injection of said fluid medica- 
5 ment. 

7. An injector as recited in claim 6 further comprising 
a means for creating an air pocket in said injection 
tube between said tip of said injection tube and a 

10 fluid medicament being held in said injector said air 
pocket being located immediately proximal said tip. 

8. An injector as recited in claim 6 wherein said drive 
means is activated for approximately one to five 

15 seconds for an injection of approximately one mil- 
liliter of fluid medicament. 

9. An injector as recited in claim 1 wherein said skirt 
is formed as a cylinder having a diameter, and 

20 wherein said injection tube is formed with a fluid in- 
jection channel having a diameter, and further 
wherein the ratio of said cylinder diameter to said 
fluid injection channel diameter is approximately 
sixteen to one (16:1). 

25 

10. An injector as recited in claim 1 wherein said base, 
said skirt, said abutment and said injection tube are 
made of a medical grade plastic. 

30 11. An injector as recited in claim 1 wherein said abut- 
ment is formed as an insert, said insert being selec- 
tively positioned in said compartment between said 
skirt and said injection tube. 

35 12. An injector for delivering a fluid medicamentto a pa- 
tient which comprises: 


2. An injector as recited in claim 1 wherein said skirt 
is formed as an annulus. 

3. An injector as recited in claim 1 wherein said tip of 
said injection tube extends beyond said rim of said 
skirt : and said rim of said skirt extends beyond said 
abutment, and wherein, for an intra-muscular injec- 
tion of the fluid medicament, said abutment limits 
the drawing of skin into said compartment to a depth 
of about one tenth or an inch (0.10 in) past said lip 
of said injection tube. 

4. An injector as recited in claim 2 wherein said skirt 
and said abutment are substantially cylindrical in 
shape and wherein said skirt, said abutment and 
said injection tube are substantially concentric. 

5. An injector as recited in claim 1 wherein said rim of 
said skirt, said abutment and said tip of said injec- 
tion tube are all at a substantially same distance 
from said surface. 


a hollow substantially cylindrical member defin- 
ing a centra! axis and having a closed end and 

40 an open end and formed with a compartment 

between said closed end and said open end; 
an injection tube having a tip extending along 
said central axis from said closed end; 
suction means in fluid communication with said 

45 compartment for creating a partial vacuum 

therein when said open end of said cylindrical 
member is held against the patient, said vacu- 
um drawing the skin of the patient into said 
compartment to position said tip of said injec- 

50 tion tube against the skin and to stabilize skin 

adjacent said tip against movement of skin rel- 
ative to said tip during injection of said fluid 
medicament through said tube; and 
a drive means connected to said injection tube 

55 for expelling said fluid medicament through 

said injection tube during an injection of said 
fluid medicament. 
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13. An injector as recited in claim 12 further comprising 
an abutment extending from said closed end into 
said compartment between said cylindrical member 
and said injection tube to limit the drawing of skin 
into said compartment. 5 

14. An injector as recited in claim 13 wherein said cy- 
lindrical member is formed with a rim surrounding 
said open end of said cylindrical member and fur- 
ther wherein said tip of said injection tube extends 10 
from said closed end beyond said rim of said cylin- 
drical member, and said rim of said cylindrical mem- 
ber extends from said closed end beyond said abut- 
ment. 


15. An injector as recited in claim 13 wherein said cy- 
lindrical member, said abutment, and said injection 
tube extend from said closed end through approxi- 
mately a same said distance. 


15 


20 


16. An injector as recited in claim 1 3 wherein said abut- 
ment comprises a plurality of ribs, each said rib ex- 
tending from said closed end and oriented radially 
between said injection tube and said outer cylindri- 
cal member. 25 

17. An injector as recited in claim 12 wherein said drive 
means is activated for approximately one to five 
seconds for an injection of approximately one mil- 
liliter of fluid medicament and wherein said partial 30 
vacuum is in a range of approximately six to twelve 
inches of mercury (6-12 inHg) and draws skin into 
said compartments to a depth of approximately one 
tenth of an inch (0.10 in). 
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